electrophysiological techniques to characterize a behavioral role for long-48
projecting GABAergic neurons in the medial prefrontal cortex. In this Neuro 49 Forum, we discuss the potential implications of this study in several learning and 50 memory models. 51
It has been a long standing belief that behavior is modulated by cortical control 52 over subcortical structures exclusively through excitatory glutamatergic projections. 53
There has been a general consensus that inhibitory GABAergic neurons in the cortex 54 participate mainly in local microcircuits. For example, GABAergic interneurons in the 55 medial prefrontal cortex (mPFC) compose local microcircuits that shape prefrontal 56 coding of fear expression (Courtin et al., 2014) . Generally, models of top-down cortical 57 control involve excitatory projections to downstream regions. In such cases, behavioral 58 regulation depends on whether mPFC fibers selectively target excitatory or inhibitory 59
neurons. This is the case of the mPFC-amygdala model proposed for fear regulation: 60 the prelimbic prefrontal cortex (PL) drives fear by its excitatory projections to excitatory 61 neurons in the basolateral amygdala (BLA); whereas the infralimbic prefrontal cortex 62 (IL) inhibits fear by its excitatory projections to GABAergic intercalated cells (ITCs) in 63 the amygdala (Sotres-Bayon and Quirk, 2010). 64
Other models involve mPFC projections to distinct subregions that compete for 65 behavioral control. In the reward system, PL excitatory neurons drive reward-seeking 66 through the nucleus accumbens (NAcc) core, whereas IL excitatory neurons inhibit 67 reward seeking through its connections with the NAcc shell (Peters et al., 2009 studies are necessary to determine the role of these projections in both avoidance and 110 aversive memories. In RTPA, one side of a two-compartment box is paired with a 111 stimulus that triggers an acute aversive response. However, it is important to note that 112 RTPA is different from conditioned place aversion (CPA), in which rodents are brought 113 back to the two-compartment box the following day for an aversive memory test. The 114 RTPA also differs from conditioned avoidance paradigms, in which rodents learn to 115 execute an instrumental response (e.g.: shuttling or stepping onto a platform) in order to 116 avoid a signaled footshock. Therefore, further studies using CPA and conditioned 117 avoidance are required to test if activation of mPFC GABAergic projections to NAcc can 118 create an aversive memory, as well as modulate conditioned avoidance responses.
Optogenetic activation can reveal if a region or projection may modulate a 120 specific behavioral response. However, only silencing can determine if a region or 121 projection is necessary to elicit such behavioral response. Therefore, silencing 122 and Quirk, 2010). However, an alternative is that long-range GABAergic neurons in IL 159 decrease fear expression by directly inhibiting BLA neurons that drive freezing through 160
GABAergic mPFC efferents to
CeA (see Figure 1B) . 161
162

Cortical long-projecting GABAergic neurons: a role in pathology? 163
Given that long-projecting GABAergic neurons in the cortex can gate behavior 164 through subcortical structures, there is a need to re-evaluate faulty circuits in psychiatricdisorders. Several studies have suggested that abnormalities in cortical GABAergic 166 neurons are characteristic of several psychiatric disorders including anxiety, drug 167 abuse, schizophrenia and autism. For example, a recent study reported that transgenic 168 mice deficient in cortical GABAergic neurons showed impaired fear extinction and 169 attention (Bissonette et al., 2014) . Another study demonstrated that activating 170
GABAergic neurons in PL decrease reward seeking in rodents (Sparta et al., 2014) , 171
suggesting that enhancing GABAergic activity in mPFC could be a target for treating 172 addiction. All these studies focused on local GABAergic neurons in the cortex, but they 173 overlooked existing long-projecting GABAergic neurons. Further studies characterizing 174 the role of such cortical projections in behavioral regulation may contribute to the 175 understanding and treatment of many mental illnesses. 176
177
Further studies 178
The study by Lee and colleagues opened opportunities for exciting questions. 179
Future studies could test whether activating mPFC GABAergic projections to NAcc can 180 form an aversive memory. This could be achieved by optogenetically activating these 181 projections in a RTPA paradigm, and testing if rodents avoid the stimulation-paired side 182 on the following day. Also, it could be tested whether silencing mPFC GABAergic 183 projections to NAcc impairs retrieval of a consolidated aversive memory. 
